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MOTOR CONTROL APPARATUS AND
IMAGE FORMING APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a motor control apparatus
and an image forming apparatus.

Description of the Related Art

As a conventional motor control, there is a sensorless
control for controlling a motor without using a sensor
configured to detect a rotation state such as a rotation speed
of the motor (Japanese Patent Application Laid-open No.
H09-294390). In the sensorless control, for example, the
rotation speed of the motor is estimated and controlled based
on a voltage applied to a coil, a current flowing through the
coil, and an inductance and resistance value of the motor.

When performing motor control, however, it is required to
detect the rotation state of the motor with higher accuracy
than in the conventional sensorless motor control.

SUMMARY OF THE INVENTION

According to an embodiment of the present invention, a
motor control apparatus comprises:

a current detection unit configured to detect a current
flowing through a coil of a motor;

a voltage application unit configured to apply a voltage to
the coil; and

a control unit configured to control the voltage application
unit by outputting a PWM signal in order to rotate the motor
at a predetermined rotation speed,

wherein the control unit detects a rotation state of the
motor based on a duty of the PWM signal and a current value
detected by the current detection unit.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a cross-sectional view of a printer of a first
embodiment.

FIG. 1B is a block diagram of a control system of the
printer of the first embodiment.

FIG. 2 is an explanatory view of a motor controller of the
first embodiment.

FIG. 3 is an explanatory view of an amplifier configura-
tion of the first embodiment.

FIG. 4 is an explanatory view of a rotation state and a stop
state of the motor of the first embodiment.

FIG. 5A and FIG. 5B are drawings for explaining a
method of determining a rotation stop of the first embodi-
ment.

FIG. 6 is a flowchart for explaining a processing of the
motor controller of the first embodiment.

FIG. 7A and FIG. 7B are diagrams for explaining a
method of determining a rotation stop of a second embodi-
ment.
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FIG. 8 is a flowchart for explaining a processing of a
motor controller of the second embodiment.

DESCRIPTION OF THE EMBODIMENTS

The embodiments of the present invention will be
described below with reference to the accompanying draw-
ings.

First Embodiment

[Image Forming Apparatus]

FIG. 1A is a schematic cross-sectional view of a color
laser printer as an example of an image forming apparatus.
The image forming apparatus may be, for example, a
printing apparatus, a printer, a copying machine, a multi-
function machine, or a facsimile machine. A color laser
printer 100 (hereinafter referred to as a printer 100) is a
printer provided with image forming units 101 of four colors
of yellow, magenta, cyan, and black. The printer 100
includes an image forming unit 101 using an electrophoto-
graphic process. The image forming unit 101 includes a
photosensitive drum (not shown), an exposure unit 113
(FIG. 1B), a developing unit (not shown), and a transfer unit
(not shown), forms toner images of respective colors, and
transfers the formed toner images to a sheet P serving as a
recording material. A fixing device 102 fuses and fixes toner
of the unfixed toner images on the sheet P (on the recording
material) transferred to the sheet P. A driving motor 103
(hereinafter referred to as a motor 103) is a motor configured
to drive the fixing device 102. The sheet P is stored in a
feeding cassette 104, picked up from the feeding cassette
104 by a feeding roller 105, and then conveyed by a
conveying roller 106.

FIG. 1B is a diagram showing a schematic configuration
of'a control system of the printer 100. The structures having
the same functions as those in FIG. 1A are designated by the
same reference numerals and description thereof will be
omitted. Each device of the printer 100 is controlled by a
printer controller 107. The printer controller 107 includes a
microcomputer (not shown) or the like. The printer control-
ler 107 controls each device of the printer 100 according to
various control programs stored in a memory (not shown) of
the printer controller 107. Each device in the printer 100 is
powered by a low voltage power source 108. The sensors
109 detect states of respective devices of the printer 100. A
motor controller 110, which is a motor control apparatus,
controls the drive of motors according to an instruction of a
printer controller 107. The motors 111 are motors serving as
power sources for respective devices in the printer 100, and
include the motor 103 configured to drive the fixing device
102. A high voltage power source 112 is a power source
configured to generate various voltages necessary for image
formation. The exposure unit 113 exposes a photosensitive
drum (not shown). The display unit 114 notifies the user of
the operation state of the printer 100. A communication
controller 115 communicates between a printer 100 and a
host computer 116 configured to transfer data to be printed
to the printer 100.

[Motor]

Next, a motor control system will be described with the
motor 103 as a representative example from among the
motors 111. The motors 111 include, for example, a motor
configured to drive a photosensitive drum (not shown) and
a motor configured to drive a roller configured to convey the
sheet P. First, the motor controller 110 will be described in
detail with reference to FIG. 2. The motor controller 110
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drives the motor 103 under the sensorless control. That is,
the printer 100 of the first embodiment does not have a
sensor serving as a detection means for detecting the rotation
state of the motor 103. The motor controller 110 includes,
for example, a microcomputer 201 that is an arithmetic
processing means. A microcomputer 201 incorporates a
communication port 202, an analog-to-digital (hereinafter
referred to as AD) converter 203, a counter 204, a nonvola-
tile memory 205, a reference clock generation unit 206, a
memory 207, a PWM (pulse width modulation) port 208,
and a current value calculation unit 209. The microcomputer
201 operates by being supplied with, for example, a voltage
of VC1=3.3 V from the low voltage power source 108. The
microcomputer 201 performs various communications with
the printer controller 107 through the communication port
202.

The counter 204 performs a count operation based on the
reference clock generated by the reference clock generation
unit 206, and measures a period of the input pulse voltage
and generates a PWM signal based on a count value obtained
as a result of the count operation. The PWM port 208 has,
for example, six terminals. Specifically, the PWM port 208
includes three terminals (U-H, V-H, W-H) for a high-side
signal and three terminals (U-L, V-L, W-L) for a low-side
signal, and outputs the PWM signal.

The motor controller 110 has an inverter 211 which is a
voltage application unit configured to apply a voltage to the
motor 103. The inverter 211 is a three-phase inverter com-
prising three switching elements M1, M3 and M5 for the
high side and three switching elements M2, M4 and M6 for
the low side. As the switching elements M1 to M6, for
example, transistors or field effect transistors (hereinafter
referred to as an FET) may be used. Gate terminals of the
switching elements M1, M2, M3, M4, M5, and M6 are
referred to as G1, G2, G3, G4, G5, and G6, respectively.
Each of the switching elements M1 to M6 is connected to the
PWM port 208 via the gate driver 210, and can be turned on
(conductive) or off (nonconductive) by the PWM signal. In
order to rotate the motor 103 at a predetermined rotation
speed, the microcomputer 201 controls the inverter 211 by
outputting the PWM signal of a predetermined duty through
the gate driver 210.

The gate driver 210 and the switching elements M1 to M6
are connected such that G1, G2, . . . , and G6 of the gate
driver 210 are connected to the gate terminal G1 of the
switching element M1, the gate terminal G2 of the switching
element M2, . . ., and the gate terminal G6 of the switching
element M6, respectively. The gate driver 210 operates by
being supplied with a voltage of, for example, VC2=24 V
from the low voltage power source 108. Each of the switch-
ing elements M1 to M6 is turned on when the PWM signal
is at a high level and turned off when the PWM signal is at
a low level. A UVW phase output unit 217 of the inverter
211 is connected to coils 213, 214, and 215 of the motor 103,
and can control currents (coil currents) flowing through the
coils 213, 214, and 215. Here, a U terminal of the UVW
phase output unit 217 is connected to one end of the coil 213
of the motor 103. A V terminal of the UVW phase output
unit 217 is connected to one end of the coil 214 of the motor
103. A W terminal of the UVW phase output unit 217 is
connected to one end of the coil 215 of the motor 103. The
other end of the coil 213, the other end of the coil 214, and
the other end of the coil 215 are connected.

The coil current of each coil 213, 214, 215 is detected by
a current detection portion which is a current detection unit.
The current detection portion includes a current sensor 216,
an amplifier 218, the AD converter 203, and the current

10

15

20

25

30

35

40

45

50

55

60

65

4

value calculation unit 209. The coil 213 of the motor 103 is
connected to a current detection resistor 219 of the current
sensor 216, the coil 214 of the motor 103 is connected to a
current detection resistor 220 of the current sensor 216, and
the coil 215 of the motor 103 is connected to a current
detection resistor 221 of the current sensor 216. The coil
current is converted into a voltage by the current sensor 216
comprising the current detection resistors 219, 220, and 221.
The current detection resistor 219 of the inverter 211 is
connected to an input portion Uin of the amplifier 218, the
current detection resistor 220 of the inverter 211 is con-
nected to an input portion Vin of the amplifier 218, and the
current detection resistor 221 of the inverter 211 is con-
nected to an input portion Win of the amplifier 218. The
voltages converted by the current sensor 216 are input to the
input portion Uin, the input portion Vin, and the input
portion Win of the amplifier 218, respectively, and amplified
by the amplifier 218 and an offset voltage is applied thereto.
The amplifier 218 and the AD converter 203 are connected
to each other through three terminals, and the voltages
outputted from output portions Uout, Vout, and Wout of the
amplifier 218 are inputted to the AD converter 203 of the
microcomputer 201.

[Amplifier]

Next, a circuit configuration of the amplifier 218 will be
described with reference to FIG. 3. The amplifier 218
comprises a U-phase amplifier 301, a V-phase amplifier 302,
and a W-phase amplifier 303, and each amplifier has the
same circuit configuration. In the first embodiment, the
U-phase amplifier 301 is explained in detail as a represen-
tative. The U-phase amplifier 301 has resistors 304, 305,
306, 307, 308, 310 and an operational amplifier 309. In FIG.
3, the voltage input to an input portion Uin of the U-phase
amplifier 301 is referred to as V,,,, and the voltage output
from an output portion Uout is referred to as V.. The
input-output relationship of the U-phase amplifier 301 is
expressed by the following expression (1) using a resistor
304 (resistance value R,g,), a resistor 305 (resistance value
R5p5), a resistor 306 (resistance value R;,), a resistor 307
(resistance value R,,,), and VC2.

Voow=4VumtVosr Expression(1)

A=R307/R306

Vosr=(R307+R306)/R306"R305/R304VC2

In the expression (1), A is referred to as a gain and V 55,
is referred to as the offset voltage in the first embodiment.

For example, the current sensor 216 outputs the voltage of
0.1 [V] per 1 [A], the gain of the amplifier 218 is 10 times,
and the applied offset voltage is 1.6 [V]. Then, when a
current of -10 [A] to +10 [A] flows, the output voltage V..
of the amplifier 218 becomes 0.6 [V] to 2.6 [V].

[AD Converter]

The AD converter 203 AD-converts a voltage (analog
value) of, for example, 0 [V] to 3 [V] to a digital value of
0 to 4095, and outputs the AD value to the current value
calculation unit 209. Therefore, when a current of —10 [A]
to +10 [A] flows, the AD value is approximately 819 to
3459. The positive and negative of the current is assumed to
be positive in the case in which the current flows from the
inverter 211 to the motor 103.

[Current Value Calculation Unit]

The current value calculation unit 209 calculates a current
value by performing a predetermined operation on the AD
value which is data AD-converted by the AD converter 203.
That is, the current value calculation unit 209 subtracts the
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offset value from the AD value and multiplies it by a
predetermined coefficient to obtain the current value. Since
the offset value becomes the AD value of the offset voltage
of 1.6 [V], the offset value becomes approximately 2184,
and the predetermined coeflicient becomes approximately
0.00733. The current value calculation unit 209 reads the AD
value when no current is supplied to the coils 213, 214 and
215 as the offset value, and stores the AD value in a memory
(not shown or may be the memory 207), for example, and
uses the AD value. The predetermined coefficient is previ-
ously stored in the nonvolatile memory 205 as a standard
coeflicient. Hereinafter, the above operation is described as
current measurement or current detection. The current value
detected by the current detection portion is described as a
current measured value. Here, the current measured value
obtained by the current detection resistor 219 is defined as
a U-phase current measured value, the current measured
value obtained by the current detection resistor 220 is
defined as a V-phase current measured value, and the current
measured value obtained by the current detection resistor
221 is defined as a W-phase current measured value.

[About Detection Error]

Next, the principle of detecting (detection error) that the
motor 103 is rotating (during rotation) even in a state (stop
state) in which the motor 103 is stopped will be described.
The following expressions relate to the estimation of the
rotation speed using a general induced voltage and are used
in the case in which the motor controller 110 drives the
motor 103 under the sensorless control in the first embodi-
ment. For the sake of simplicity, a coordinate transformation
from three phases to two phases (o, ) is shown.

Expression (2)

2 =(f—"]: T(s): (Gu ) i+7)
&p
d L8 Expression (3)
o= —|tan" —
dr ( @ﬁ]
“@” represents the estimated rotation speed of the motor

103. “€” represents the estimated induced voltage. T(s)
represents a function including the gain used for estimating
the rotation speed of the motor 103 and the estimated
rotation speed “®”. G,, represents a determinant (hereinafter
referred to as a motor model G, ) representing a model of the
motor 103 using the estimated rotation speed “®” and the
resistances and inductances of the coils 213, 214, and 215 of
the motor 103. “v” represents a voltage (hereinafter referred
to as a command voltage) for driving the motor 103. “i”
represents the current flowing through the coil. Hereinafter,
the estimated rotation speed “®” of the motor 103 is simply
referred to as an estimated speed “w”. The induced voltages

“&”, “8,”, and “&,” are simply referred to as “e”, “e,”, and

“eq”.

Ié['he microcomputer 201 estimates the induced voltage “e”
based on the function T(s), the motor model G,, the
command voltage “v”, and the current according to the
expression (2). Next, using the expression (3), the micro-
computer 201 obtains the estimated speed “w” based on a
phase difference of the estimated induced voltages “e_”, and
“eg” of the respective phases. The microcomputer 201
estimates the rotation state of the motor 103 based on the
estimated speed “w”. Here, unless the error between the
resistances and inductances of the motor model and the
motor 103 to be controlled is 0, the motor controller 110 may
erroneously detect the occurrence of the induced voltage
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“e”. As a result, in the system for estimating the rotation
speed of the motor 103 by using the phase difference
between the induced voltages “e” of the respective phases,
the estimated speed “w” converges to a constant value in
calculation, although the motor 103 is actually stopped.
Since the estimated speed “w” converges to the constant
value, the motor controller 110 may not be able to detect that
the motor 103 is not rotating (stopped, out of step). There-
fore, it is required to accurately detect the rotation state of
the motor 103 under the sensorless control, for example, that
the motor 103 is out of step.

[U-Phase Command Voltage and U-Phase Current Mea-
sured Value]

FIG. 4 is a graph showing (i) U-phase current measured
values and (ii) U-phase command voltages during a normal
rotation and a step-out of the motor 103, and the abscissa
indicates time (milliseconds (ms)). The U-phase command
voltage indicates the duty (hereinafter referred to as DUTY)
of'the PWM signal used when driving the U-phase high-side
FET (the switching element M1)(hereinafter referred to as a
U-phase command voltage DUTY). In FIG. 4, a solid line
indicates the graphs at the normal rotation of the motor 103,
and a broken line indicates the graphs at the step-out of the
motor 103. Focusing on the U-phase current measured
value, the magnitude of the U-phase current measured value
is about the same (5.2 A) at the time of normal rotation and
at the time of step-out of the motor 103. However, in the
graph of the U-phase command voltage DUTY, it can be
seen that the DUTY is very small at the time of step-out of
the motor 103 (maximum 54%) compared to at the time of
normal rotation of the motor 103 (maximum 90%). This is
because, at the time of step-out, since the motor 103 is not
rotated, the back electromotive force is not generated, and
only the impedance of the coil 213 appears. As described
above, the difference in the U-phase command voltage
DUTY between the time of normal rotation of the motor 103
and the time of step-out of the motor 103 is caused by the
difference in the back electromotive force. In the present
invention, the rotation stop (step-out) of the motor 103 is
determined using these conditions.

[Method for Determining Rotation Stop of Motor]|

Next, a method of determining the rotation stop (step-out)
of the motor 103 will be described with reference to the case
where the U-phase command voltage DUTY and the
U-phase current measured value are used. The motor con-
troller 110 as a control unit detects the rotation state of the
motor 103 based on the duty of the PWM signal and the
current value detected by the current detection portion.
Specifically, the motor controller 110 determines that the
motor 103 is stopped in a case in which the U-phase
command voltage DUTY is smaller than a threshold value 1,
which is a predetermined first threshold value, and the
calculated U-phase current measured value is larger than a
threshold value 2, which is a predetermined second thresh-
old value. Each threshold value is determined based on a
command voltage DUTY and a current measured value
obtained in one or more periods of an electric angle which
is a predetermined period. In the first embodiment, the
threshold value 1 is defined as a maximum value of the
U-phase command voltage DUTY in a case in which the
motor 103 is rotated at a predetermined rotation speed under
a no-load condition.

The threshold value 2 is defined as a maximum value of
the U-phase current measured value in a case in which the
motor 103 is rotated at the predetermined rotation speed
under an assumed maximum load condition. These calcula-
tions are performed, for example, during calibration or in the
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assembly process of the main body, and the threshold value
1 and the threshold value 2 are stored in a memory (not
shown). Further, in an examination environment of a single
motor using a jig and a tool or the like, it is also effective to
obtain a command voltage under the no-load condition and
a current measured value under the maximum load condition
at the predetermined rotation speed, determine the threshold
value 1 and the threshold value 2, and store them in the
memory. In addition, although the maximum value of the
command voltage DUTY and the maximum value of the
measured current value were used as the threshold values,
the minimum values, the effective values, the average val-
ues, the integrated values, and the like can also be used, and
the present invention is not limited to the first embodiment.
The rotation stop determination is always performed in a
case in which the motor 103 is constantly rotated by sen-
sorless driving.

Next, a series of processes from the determination of the
specific threshold values to the rotation stop determination
will be described with an example in which the motor 103,
which is a DC brushless motor of a 5-pole pair, is rotated at
1000 rpm. In the first embodiment, the PWM carrier fre-
quency is set to 40 kHz, and the motor controller 110
switches the command voltage DUTY for each phase
obtained from the command speed and the load condition
every 25 us (microseconds). In addition, the motor controller
110 also obtains each current measured value every 25 s.
The motor controller 110 executes the process of determin-
ing the rotation and the stop of the motor 103 each time the
current measured value is obtained.

FIG. 5A shows (i-a) the U-phase current measured value
and (ii-a) the U-phase command voltage DUTY under the
maximum load condition (200 mN-m) within the range of
the assumed load in the case in which the motor 103 is
rotated at the rotation speed of 1000 rpm. In addition. FIG.
5A shows (i-b) the U-phase current measured value and
(ii-b) the U-phase command voltage DUTY under the mini-
mum load condition (0 mN-m) within the range of the
assumed load. FIG. 5B shows (i-a) the U-phase current
measured value and (ii-a) the U-phase command voltage
DUTY at the typical (design) load condition (100 mN-m)
(hereinafter referred to as a typ load condition). FIG. 5B also
shows (i-b) the U-phase current measured value and (ii-b)
the U-phase command voltage DUTY at the time of step-out.
The horizontal axis indicates the time (ms).

(Determination of Threshold Value)

First, referring to FIG. 5A, it will be described that the
threshold value 1 for the command voltage and the threshold
value 2 for the current measured value are determined based
on the U-phase command voltage DUTY's and the U-phase
current measured values under the maximum load condition
and the minimum load condition. The threshold value 1 is
defined as the maximum value of the duty of the PWM
signal output to the inverter 211 at the time of the minimum
load within the range of the assumed load for the motor 103.
In the first embodiment, the maximum value of the U-phase
command voltage DUTY under the minimum load condition
is, for example, 58%. Therefore, the motor controller 110
sets the threshold value 1 at 58% (the threshold value
1=58%). The threshold value 2 is defined as a current value
detected by the current detection portion at the maximum
load within the range of the assumed load for the motor 103.
In the first embodiment, the maximum value of the U-phase
current measured value under the maximum load condition
is, for example, 5.2 A. Therefore, the motor controller 110
sets the threshold value 2 at 5.2 A (the threshold value 2=5.2
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A). These threshold values are previously stored in the
nonvolatile memory 205 in a manufacturing process or the
like.

(Method of Determining Rotation Stop of Motor)

Next, a method of determining the rotation stop of the
motor 103 using the set threshold value 1 and the set
threshold value 2 will be described with reference to FIG.
5B. The motor controller 110 compares the magnitude
relationship between the U-phase command voltage DUTY
and the threshold value 1 and the magnitude relationship
between the U-phase current measured value and the thresh-
old value 2 each time the current measured value is obtained
by the current detection portion. In a case in which the motor
is rotated under the typ load condition, the maximum value
(70%) of the U-phase command voltage DUTY shown in
(ii-a) of FIG. 5B is larger than the threshold value 1 (58%),
and the maximum value (3 A) of the U-phase current
measured value shown in (i-a) is smaller than the threshold
value 2 (5.2 A). From this, the motor controller 110 deter-
mines that the motor 103 is rotating.

On the other hand, when the motor 103 is out of step, the
maximum value (54%) of the U-phase command voltage
DUTY shown in (ii-b) of FIG. 5B is smaller than the
threshold value 1 (58%), and the maximum value (5.5 A) of
the U-phase current measured value is larger than the
threshold value 2 (5.2 A). From this, the motor controller
110 determines that the motor 103 is out of step.

[Process for Determining Rotation Stop of Motor]

With reference to FIG. 6, the operation of the motor
controller 110 in executing the determination sequence of
the rotation stop of the motor 103 will be described. FIG. 6
is a flowchart showing a process of determining the rotation
stop by the motor controller 110, and also a flowchart
showing a process of detecting the rotation state of the motor
103. In step (hereinafter referred to as S) 101, the motor
controller 110 determines a command voltage DUTY for
each of the U, V, and W phases based on an error between
a predetermined rotation speed (hereinafter referred to as a
speed command value) of the motor 103 and the estimated
speed “w” described above. Here, the predetermined rota-
tion speed of the motor 103 is, for example, the rotation
speed at the time of driving the fixing device 102 for forming
an image on the sheet P. The estimated speed “w” is obtained
from the above expressions (2) and (3).

In S102, the motor controller 110 outputs a PWM signal
from the PWM port 208 based on the command voltage
DUTY determined in S101. In S103, in a case in which the
motor controller 110 detects, for example, a U-phase current,
the motor controller 110 performs current detection (current
measurement) by the current detection portion using the
output voltage V.., that is the input value to the AD
Converter 203. Specifically, the motor controller 110 calcu-
lates a current value by the current value calculation unit 209
via the inverter 211, the amplifier 218, and the AD converter
203 (arithmetic processing).

In S104, the motor controller 110 compares the U-phase
command voltage DUTY with the threshold value 1 previ-
ously stored in the nonvolatile memory 205. Specifically, the
motor controller 110 determines whether or not the maxi-
mum value of the command voltage DUTY is smaller than
the threshold value 1 (for example, 58%). In a case in which
the motor controller 110 determines that the U-phase com-
mand voltage DUTY is equal to or larger than the threshold
value 1 (NO in S104), the process returns to S101. In a case
in which the motor controller 110 determines that the
U-phase command voltage DUTY is smaller than the thresh-
old value 1 (YES in S104), the process proceeds to S105.
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Here, the case in which the U-phase command voltage
DUTY is smaller than the threshold value 1 includes a case
in which the motor 103 is stopped and a case in which the
load is light. The case in which the load is light may include,
for example, a case in which a parameter for controlling the
motor 103 is changed, a case in which there is an external
load fluctuation such as switching of a clutch (not shown),
a case in which the load becomes light transiently when the
motor 103 is started, and the like.

In S105, the motor controller 110 compares the U-phase
current measured value with the threshold value 2 stored in
the nonvolatile memory 205. Specifically, the motor con-
troller 110 determines whether or not the maximum value of
the current measured value is larger than the threshold value
2. In a case in which the motor controller 110 determines that
the maximum value of the U-phase current measured value
is equal to or less than the threshold value 2 (NO in S105),
the process returns to S101. In a case in which the motor
controller 110 determines that the U-phase current measured
value is larger than the threshold value 2 (YES in S105), the
process proceeds to S106. In S106, the motor controller 110
determines that the motor 103 is stopped, and ends the
process. In this way, the stop of the motor 103 is discrimi-
nated from the light load by the determination of S105.
Thus, the sequence for determining the rotation stop of the
motor 103 is ended. In the case in which the motor controller
110 determines that the motor 103 is stopped, the printer
controller 107 may display information to that effect on the
display unit 114 to notify the user.

Thus, by comparing the command voltage and the current
measured value with the predetermined threshold values to
determine the rotation state and the stop state of the motor
103, it is possible to determine the rotation stop of the motor
with a simple configuration without performing complicated
calculation. Although the embodiment of the present inven-
tion has been described in detail above, the present invention
is not limited to the specific embodiment, and various
modifications and variations are possible within the scope of
the gist of the present invention described in the claims. In
the first embodiment, the motor 103 is described as an
example, but the present invention can be applied to other
motors as well. By determining whether or not the motor is
actually rotating based on the command voltage and the
current measured value, the rotation state of the motor can
be accurately determined without adding a rotation detection
circuit.

As described above, according to the first embodiment,
the rotation state of the motor can be detected more accu-
rately than in the conventional sensorless motor control.

Second Embodiment

The second embodiment differs from the first embodiment
in that a threshold value is determined from a ratio of a
command voltage and a current measured value, and a
rotation stop determination is performed by comparing the
magnitude relationship between the threshold value and a
ratio of the command voltage and the current measured
value during rotation of the motor 103. In the second
embodiment, the maximum value of the command voltage
DUTY in one period of the electric angle and the effective
value of the current measured value in the one period of the
electric angle are calculated, and the quotient obtained by
dividing the effective value of the obtained current measured
value by the maximum value of the command voltage
DUTY is used as the ratio. The threshold value is defined as
a ratio between the command voltage and the current
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measured value in a case in which the motor is rotated under
the load condition that provides the best drive efficiency. The
obtained threshold value is stored in the nonvolatile memory
205. The motor controller 110 calculates the maximum value
of the current effective value and the command voltage per
one period of the electric angle during the rotation of the
motor 103, and determines the rotation stop of the motor 103
by checking whether a ratio of the command voltage and the
current measured value is larger than the threshold value that
is previously determined.

[Method for Determining Rotation Stop of Motor]|

Since the circuit configuration of the second embodiment
uses the same circuit configuration as that of the first
embodiment, the rotation stop determination method will be
described with the U-phase as an example. FIG. 7A shows
the maximum value of the U-phase command voltage
DUTY and the effective value of the U-phase current
measured value obtained per one period of electric angle
while changing the load applied to the motor 103, and the
maximum value of the U-phase command voltage DUTY
and the effective value of the U-phase current measured
value at the time of step-out. FIG. 7A shows the command
voltage DUTY [%] on the horizontal axis and the current [ A]
on the vertical axis. Data at no-load (0 mN/m), typ load (105
mN/m), maximum load (217 mN/m), and step-out are plot-
ted in the graph. In the second embodiment, the control
parameters of the motor 103 are set so that the efficiency of
the motor 103 is maximized under the assumed maximum
load condition. Therefore, the quotient of the effective value
of the U-phase current measured value divided by the
maximum value of the U-phase command voltage DUTY
under the maximum load condition is stored in the nonvola-
tile memory 205 as the threshold value.

FIG. 7B shows a ratio (current measured value+command
voltage) between the U-phase command voltage and the
U-phase current measured value obtained from the data
shown in FIG. 7A. The dashed line is a set threshold value.
During the rotation of the motor 103, the ratio of the U-phase
command voltage to the U-phase current measured value is
below the threshold value in any range from the no-load
condition to the maximum load condition. On the other
hand, in the stop state of the motor 103 (at the time of
step-out), it can be seen that the ratio greatly exceeds the
threshold value. Thus, a ratio of the U-phase command
voltage and the U-phase current measured value under the
maximum load condition is used as the threshold value, and
the magnitude relationship between the threshold value and
a ratio of the U-phase command voltage and the U-phase
current measured value obtained during the rotation of the
motor 103 is compared, thereby making it possible to
determine the rotation stop. In the second embodiment, the
threshold value is determined from the effective value of the
current measured value and the maximum value of the
command voltage DUTY, but the maximum value or the
average value of the current measured value, the effective
value or the average value of the command voltage DUTY,
the integrated value, and the like may be used, and the
present invention is not limited to the second embodiment.

Next, the second embodiment will be described using
specific numerical values. The circuit configuration, the
various constants, and the current detection process are the
same as those described in the first embodiment, and the
description thereof will be omitted. Here, the rotation stop
determination in the case in which the maximum value of the
U-phase command voltage DUTY and the effective value of
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the U-phase current measured value are used for the motor
103 which is a 5-pole pair motor rotating at 1000 rpm will
be described.

(Determination of Threshold Value)

First, a third threshold value (hereinafter referred to as a
threshold value) is determined. As a load condition in
determining the threshold value, a condition in which the
power efficiency is most improved is selected. In the second
embodiment, in a case in which the motor 103, which is the
5-pole pair motor, is rotated at 1000 rpm, since one period
of the electric angle in a predetermined period is 12 ms, the
threshold value is determined from the effective value of the
U-phase current measured value and the maximum value of
the U-phase command voltage DUTY in the period of 12 ms.
In FIG. 7A, since the effective value of the U-phase current
measured value under the maximum load condition is 3.24
A and the maximum value of the U-phase command voltage
DUTY is 90%, the threshold value is determined to be
3.24+90=0.036. The threshold value is stored in the non-
volatile memory 205.

(Method of Determining Rotation Stop of Motor)

Next, the rotation stop determination during the steady
rotation of the motor 103 will be described. The motor
controller 110 detects the rotation state of the motor 103
based on the duty of the PWM signal and the current value
detected by the current detection portion. Specifically, the
detection is performed as follows. In the second embodi-
ment, the motor controller 110 determines that the motor 103
is stopped in a case in which the motor controller 110
determines that a ratio of a current value detected by the
current detection portion to a maximum duty of the PWM
signal in the period of 12 ms is larger than the threshold
value. First, in a configuration in which the command
voltage is updated every 25 us and the current measured
value is obtained, the number of data items per one period
(12 ms) of the electrical angle is 480. Therefore, the maxi-
mum value of the U-phase command voltage DUTY is
calculated from the 480 pieces of command voltage infor-
mation. Then, an effective value is calculated from 480
pieces of the U-phase current measured values. In FIG. 7A,
taking the typ load condition as an example, since the
maximum value of the U-phase command voltage DUTY is
70% with respect to the effective value 1.63 A of the U-phase
current measured value, the ratio between the U-phase
command voltage and the U-phase current measured value
is calculated as 1.63+70=0.023. Referring to FIG. 7B, since
the calculated U-phase current measured value is below the
threshold value 0.036, the motor controller 110 determines
that the motor 103 is rotating. On the other hand, in a case
in which the calculation is performed in the same manner
during the step-out, since the maximum value of the U-phase
command voltage DUTY is 54% with respect to the effective
value 3.56 A of the U-phase current measured value, the
ratio between the command voltage and the current mea-
sured value is calculated as 3.56+54=0.065. Since the cal-
culated ratio exceeds the threshold value 0.036, the motor
controller 110 determines that the motor 103 is stopped.

[Process for Determining Rotation Stop of Motor]

Next, the operation of the motor controller 110 and the
printer controller 107 in determining the rotation and stop of
the motor 103 will be described. The operation of the motor
controller 110 in executing the rotation stop determination
sequence will be described with reference to FIG. 8. In FIG.
8, the steps of S101 to S103 and S106 are the same as the
steps of S101 to S103 and S106 in FIG. 6 of the first
embodiment, and their descriptions are omitted. In S201, the
motor controller 110 stores the U-phase command voltage
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DUTY and the U-phase current measured value in a memory
(not shown). In S202, the motor controller 110 determines
whether or not the number of stored data has reached a
predetermined number N+1 (for example, 480+1). In a case
in which the motor controller 110 determines that the
number of data has not reached the predetermined number
N+1 (NO in S202), the process returns to S101. In a case in
which the motor controller 110 determines that the number
of data has reached the predetermined number N+1 (YES in
S202), the process proceeds to S203.

In S203, the motor controller 110 deletes the oldest data
of the stored data. This is because the rotation stop deter-
mination processing is always performed using the latest N
pieces of data. In S204, the motor controller 110 calculates
the effective value of the U-phase current measured value
from the N pieces of data. In S205, the motor controller 110
calculates the maximum value of the U-phase command
voltage DUTY from the N pieces of data. In S206, the motor
controller 110 calculates the ratio between the maximum
value of the command voltage DUTY calculated in S205 and
the effective value of the current measured value calculated
in S204 (the effective value [A] of the current measured
value+the maximum value [%)] of the command voltage
DUTY).

In S207, the motor controller 110 compares the magnitude
relationship between the ratio obtained in S206 and the
predetermined threshold value. Specifically, the motor con-
troller 110 determines whether the ratio is larger than the
threshold value. In a case in which the motor controller 110
determines that the ratio is equal to or less than the threshold
value (NO in S207), the process returns to S101. In a case
in which the motor controller 110 determines that the ratio
is larger than the threshold value (YES in S207), the motor
controller 110 advances the process to S106 and determines
that the motor 103 is stopped. Thus, the rotation stop
determination sequence ends. By comparing the ratio of the
command voltage and the current measured value with the
threshold value, whether the motor 103 is in the rotation
state or the stop state can be determined.

As described above, according to the second embodiment,
the rotation state of the motor can be detected more accu-
rately than in the conventional sensorless motor control.

(Other Embodiments)

Embodiment(s) of the present invention can also be
realized by a computer of a system or apparatus that reads
out and executes computer executable instructions (e.g., one
or more programs) recorded on a storage medium (which
may also be referred to more fully as a ‘non-transitory
computer-readable storage medium’) to perform the func-
tions of one or more of the above-described embodiment(s)
and/or that includes one or more circuits (e.g., application
specific integrated circuit (ASIC)) for performing the func-
tions of one or more of the above-described embodiment(s),
and by a method performed by the computer of the system
or apparatus by, for example, reading out and executing the
computer executable instructions from the storage medium
to perform the functions of one or more of the above-
described embodiment(s) and/or controlling the one or more
circuits to perform the functions of one or more of the
above-described embodiment(s). The computer may com-
prise one or more processors (e.g., central processing unit
(CPU), micro processing unit (MPU)) and may include a
network of separate computers or separate processors to read
out and execute the computer executable instructions. The
computer executable instructions may be provided to the
computer, for example, from a network or the storage
medium. The storage medium may include, for example, one
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or more of a hard disk, a random-access memory (RAM), a
read only memory (ROM), a storage of distributed comput-
ing systems, an optical disk (such as a compact disc (CD),
digital versatile disc (DVD), or Blu-ray Disc (BD)™), a
flash memory device, a memory card, and the like.

While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2020-169428, filed Oct. 6, 2020, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. A motor control apparatus, comprising:

a current detection unit configured to detect a current

flowing through a coil of a motor;

a voltage application unit configured to apply a voltage to

the coil; and

a control unit configured to control the voltage application

unit by outputting a PWM signal in order to rotate the
motor at a predetermined rotation speed,

wherein the control unit detects a rotation state of the

motor based on a duty of the PWM signal and a current
value detected by the current detection unit.

2. The motor control apparatus according to claim 1,
wherein in a case in which the control unit determines that
a maximum value of the duty of the PWM signal in a
predetermined period is smaller than a first threshold value
and the current value detected by the current detection unit
is larger than a second threshold value, the control unit
determines that the motor is stopped.

3. The motor control apparatus according to claim 2,
wherein the first threshold value is a maximum value of the
duty of the PWM signal output to the voltage application
unit at a minimum load within a range of a load assumed for
the motor.

4. The motor control apparatus according to claim 2,
wherein the second threshold value is a current value
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detected by the current detection unit at a maximum load
within a range of a load assumed for the motor.

5. The motor control apparatus according to claim 1,
wherein in a case in which the control unit determines that
a ratio of the current value detected by the current detection
unit to a maximum value of the duty of the PWM signal in
a predetermined period is larger than a third threshold value,
the control unit determines that the motor is stopped.

6. The motor control apparatus according to claim 5,
wherein the third threshold value is a ratio of a current value
detected by the current detection unit to a maximum value
of the duty of the PWM signal at a maximum load within a
range of a load assumed for the motor.

7. The motor control apparatus according to claim 1,
wherein the control unit estimates a rotation speed of the
motor based on the PWM signal output to the voltage
application unit, the current value detected by the current
detection unit, and a resistance and inductance of the coil,
and determines the duty of the PWM signal based on an
error between an estimated rotation speed of the motor and
the predetermined rotation speed.

8. An image forming apparatus, comprising:

an image forming unit configured to form a toner image

on a recording material;

a fixing device configured to fix the toner image formed

by the image forming unit to the recording material;

a motor configured to drive the fixing device;

a current detection unit configured to detect a current

flowing through a coil of the motor;

a voltage application unit configured to apply a voltage to

the coil; and

a control unit configured to control the voltage application

unit by outputting a PWM signal in order to rotate the
motor at a predetermined rotation speed,

wherein the control unit detects a rotation state of the

motor based on a duty of the PWM signal and a current
value detected by the current detection unit.
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